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MISSION STATEMENTS 
As the Nation's principal conservation agency, the Department of the Interior 
has responsibility for most of our nationally owned public lands and natcoal 
resources. This includes fostering sound use of OUf land and water resources; 
protecting our fish, wildlife, and biological di vers ity; preserving the 
environmental and cultural values of OUf national parks and histo rical places; 
and providing for the enjoyment of life through outdoor recreation. The 
Department assesses our energy and mineral resources and works to ensure 
that thei r development is in the best interests of all our people by encouraging 
stewardship and citizen partic ipation in their care . The Department a lso has 
a major responsibility for American Indian reservation communities and for 
people who live in is land territories under U.S . Administration. 
The mission of the Bureau of Rec lamation is to manage, develop, and protect 
wate r and related resources in an environmenlally and economically -ound 
manner in the inlerest of the American publ ic. 
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PREFACE 
Global cl imate change is a change in Ihe climate of the Eanh occurring ei ther 
na turally or as a result of human influence. Of particular concern is 
"anth ropogenic " global wanning. which is a warming of the Eanh 's atmosphere 
caused by the influence of humans on the natural environment. Anthropogenic 
global warming is the result of an increase in atmospheric concentrations of carbon 
dioxide. methane. chlorofluorocarbons. and other "greenhouse" gases. which trap 
additional heat in the atmosphe re . The increasp. in "greenhouse" gases is caused 
by the co,1Sumption of fossil fuels (coal , petro leum, and natural gas), land use 
mod ificiltion. and the re lease of agricultural and industria l gases into the 
atmosphere. 
G lobal cl imate change may threaten water-depende nt ecosystems unless adequate 
preparations are taken. It has the potential to affec t water demands. water supplies. 
and water management. It could affec t the quantity of precipilation and runoff. the 
seasonal timing of prec ipitation and runoff, and the severity of storms. floods. and 
droughts. 
nle Bureau of Reclamation (Reclamalion) supplies municipal wate r to 25 million 
people in the 17 Weslem Slates. provides irrigalion wate r for 10 million ac res of 
farmland, and operates 52 hydroelectric fac ilities which generate approximate ly 
48 bill ion kilowatthours of electric ity annually, making Reclamation the Nation's 
11th largest electric utility. In addition, Reclamation fac ilities provide Hood 
control. recreation. fish and wildlife enhancement . and environmental management . 
As Reclamation has the responsibility (Q wisely manage wate r resources while 
ensuring that assoc iated environmental assets are preserved, the impacts of global 
cl imate change on water resources and environmental assets need to be idenlified. 
and appropriate responses studied. 
Of concern are the impacts on agricultu re . municipal and indust ri al wate r suppl ies. 
hydroelectric power generation. water quality. fi sheries. wet lands. riparian 
communities. and recreation. Also of concern are the impacts on rese rvoi r 
operations. flood contro l. d rought management . and distribution of water for 
beneficial uses. 
The Global Climate Change Response Program, a mult iyear Rec lamation research 
program, is designed to study the potent ia l impacts in the 17 Western States and 
to determine the impacts on water demands. water supplies. and water 
management. Th is program wi ll endeavor to develop strategies and responses to 
deal with these impacts th rough a broad range of research act ivities. research 
projects. and techn ical studies. 
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ABSTRACT 
Urban water use. particularly outdoor use, responds to changes in te mperature, 
precipitation. and other c limatic parameters. This study significantly improved the 
capac ity of an existing reg ional water demand model to estimate the response of 
both residentia l and commercial-industrial wate r demand to c hanges in climatic 
parameters. The resulting functional relationships deri ved from histo ric time-series 
cli matic and water use data were applied to global cl imate scenarios for the four 
Waliatc h Front counties of Utah. 
The water use responses to constant changes in temperature and/or precipitation 
were found to vary greatly among summer months, and therefore monthly 
d isaggregation models of these parameters were developed to provide a monthly 
rather than seasonal model. Because temperalure probabili ty distributions do not 
fi t any of the commonly used parametric distributions, non parametric ana lyses 
were also included in the study. 
The research found that potent ial evapotranspiration and rainfall best e xplained 
residential water use changes. while temperature was best corre lated with 
commercial-industrial water use. Water demand increases in the Wasatch Front 
region of Utah fo r a 4-degree increase in temperature were estimated at 
approximate ly 2.8 percent during the summer season. Estimated increases were 
as high as 8 percent du ring June-the month with the largest inc rease . Water 
de mand increases for an 8-degree increase in tern, :: rature were estimated at 
approximate ly 5 percent in summer and as high as 16 percent in June . 
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An Application Using the 
Wasatch Front Water Demand and Supply Model 
INTRODUCTION 
DOCUMENT PURPOSE 
This report summarizes work accomplished during a 3-year investigat ion, "Impac ts of Climate Change 
on Urban Water Systems." Th,s study was funded th rough the United States Bureau of Reclamation 's 
(Reclamation) Global C limate Change Response Program (GCCRP) and cost-shared by Utah State 
Uni versity (USU). The majority of work was done at USU, with Dr. Trevor Hughes as the principal 
investigator. Dr. Y.M. Wang' s doctoral dissertation (1992) provides a more detailed descript ion of 
the investigation's methodology. Dr. Roger Hansen was the project coord inator for Reclamation. 
STUDY PURPOSE 
The issue of the impacts of projected global climate change on water demand is a vital one for Federa l 
and State planners. local wate r user groups. recreationists. and environmental organizations. A large 
and rapid ly growing body of literature addresses issues related to predicting impac ts to waler supply 
resulting from projected global c limate change. However, practically none of the literature has 
addressed the issue of demand, part icularl y urban demand. 
This study developed a methodology to assess the impacts of dimate change on urban wate r demand 
(residential and commercial-industrial ) and applied this methodology to Utah's Wasatch Front. The 
study a lso developed a planning tool which wi ll be useful for drought cont ingency planning a long the 
Wasatch Front. 
DESCRIPTION OF STUDY AREA 
The Wasatch Front is defined as the more densely populated area along the western slope of Utah', 
Wasatch Mountai ns. The majority of the population is conta ined in the four count ies that make up 
the study area: Salt Lake, Weber, Davis. and Utah. (See fi gure I .) The Wasatch Front area contains 
78 percent of Utah's tota l popUlation. The 1990 population of the study area was 1,335,000 people 
and the projected 2015 population is 2,041.000, an increase of 53 percent. Sixty-six municipal wa ter 
,y"ems serve the study area. Salt Lake, Ogden, Layton, Bountiful, West Valley, Sandy, Orcm, and 
Provo are the la rge ~t of these systems. 
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Fi~ure I. - Wasatch Fronl. four-county study area. 
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Six Reclamat ion projec ts serve thc Wasatch Front : the Wcber Basin Projcct. Weber River Projcc t. 
Ogden River Project. Provo River Project, Strawberry Vallcy Project, and the Central Utah Project' s 
Bonncvi lle Unit. 
WASATCH FRONT WATER DEMAND AND SUPPLY MODEL 
EXISTING MODEL 
The e.i"ing Wasalch Fronl Waler Demand and Supply Model (WFWDSM) was mod ified for Ihis 
study to analyze the impacls of projected global climate change on water demand. 
Thi s geographic infonnalion syslem (GIS) based model was originally developed to assisl Ihe Slale 
of Ulah in predicling posl-Bonnevilie Unil waler demands. WFWDSM was a joinl projecl of Ulah 
State Uni versity. Utah Division of Water Resources. and Reclamation. Reclamation 's participation 
was funded Ihrough Ihe General Invesligalion-New Slarts- program. 
The output from the model has now been accepted by water planning institutions in Utah as the basis 
for long· term planning decisions. Its near universal acceptance made WFWDSM an excellent starting 
poinl for Ihe GCCRP invesligalion. The WFWDSM and sample resulls are described in a separale 
report (USU . 1993) . 
Components 
WFWDSM contains six major components: 
Sets of GIS maps which contain the location of consumers and corresponding data layers 
that represent the geographic charac teristics nece5sary for predicting water demand. 
Population. socioeconomic, and other data bases which ..;re also disaggregalcd 
geographically . 
Wale r supply data base . 
Water supply allocation rules which govern the amount and sequence for use from 
avai lable sources. 
An Application Using the 
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Water demand functions for various user classes. 
Water demand forecasts by categories of user in pressure zones and service areas. 
This study enhanced the last two components to more closely examine water demand sensitivity to 
changes in c limate . 
Waler Demand Methodology 
WFWDSM estimates water demand as a function of various socioeconomic factors such as lot size, 
persons per household, assessed value of buildings and 101, and soi l Iype. Then, Ihe model modifies 
Ihis reference quantilY (Q') for c1imalic variability as follows: 
(Q-Q')/Q' = a,(R-R')!R' + a,(T-T)rr 
in which Ihe a; coefficienls indicale sensilivily of waler demand (Q) during a year of inleresl 
relali ve 10 fraclional changes in reference level values of precipilalion (R') and lemperalure (T ). 
Symbols used in Ihis sludy are lisled in Ihe fronl of the report . 
MODIFICATIONS TO EXISTING MODEL 
This sludy's firsl lasks in regard 10 Ihe WFWDSM were: 
( I ) 
To detennine if climatic parameters other than precipitation and temperature could 
improve the model's predictive capabilities. 
To estimate the values of the a, coefficients. 
The original version of WFWDSM used a Iwo-season model (winler = November Ih rough Apri l and 
summer = May Ihrough Oclober) 10 eSlimale Ihe effecI of wealher variabililY. However, Ihis Iwo-
season model was not sufficient to answer important questions regarding global warming. including: 
4 
Will the growi ng season itse lf lengthen to include Apri l and/or November in addition to 
the expected increase in water demand during the tradi tional growing season? 
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Will the increase in demand due to a warmer c limate be relatively constant during each 
summer month. or will it be non li near? 
If the effect is highly nonlinear. the peak period impacts may cause ut ility managers more difficulty 
than those related to simply providing the increase in summer volume. The second task of this study 
was to develop a monthly disaggregation model for the climatic variables selected to address these 
questions. 
WFWDSM allows the user to select nonaverage weather condit ions for answering questions about 
potential impacts associated with a drought It simulates such years by allowing se lection of a point 
on the cumulative distribution function of each climatic variable. The model arbitrarily assumes each 
parameter is normally distributed for this purpose. The third task of this study was to examine 
whether the normality assumption is justi fied. 
Climatic Scenarios 
The original intent of this investigation was to use general circulation model (GCM) results to 
compare monthly variation in c limatic parameters with and without doubl ing of carbon dioxide (CO~ ). 
However. when regional GCM data for the present climate were reduced to basin scale. it was clear 
that the GCM results could not adequate ly represent local historic conditions. Therefore. a range of 
climatic scenarios. rather than GeM data. was used to suggest possible impacts of projected global 
warming on urban water demand . 
Water Demand 
Throughout the paper. the teon "water demand" is used even though price e last ici ty is not the 
parameter of interest. This narrow definition of water demand is necessary because the mooel is an 
attempt to measure climate elastici ty (fractional change in water use due to fractional change in 
climatic paramete rs) rather than price e lasticity (fractional change in water use due to fractional change 
in price). 
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Plant Productivity 
A doubling of atmospheric CO: wi ll cause an increase in productivity of most crops (Rosenberg. 
198 1): however. enriched CO, also causes part ial stomatal closing' Allen ( 1991) reported that these 
two opposi te effects may approximately balance. resulting in little or no change in transpiration rates. 
Therefore. this effect will not be included in the model. 
FUNCTIONAL RELATIONSHIP BETWEEN 
WATER USE AND CLIMATE VARIABLES 
Climactic Focus 
Because this investigation focuses on examin ing changes in water demand due to climate changes 
rather than on estimating total water demand changes. the socioeconomic parameters used in the 
Wasatch Front model were grouped together as a constant representing indoor water demand. Only 
the climatic variables which drive the outdoor component during the growing season were mode led 
explici tl y. 
Model Form 
A nonlinear (logarithmic) fonn of demand model was selec ted. This model fonn implies that an 
increase in the level of an independent variable cause!' a decreasing response in the dependent 
variables. The model is: 
(2) 
where : 
In ;;;; natu ral logarithm; 
Q, = monthly water demand; 
Xu ;;;; climatic variables; 
~I ;;;; regression coeffic ients; 
~ , = error terms. assumed to be N(O.S' ): 
N(O.Sl) ;;;; normal di stribution wi th zero mean and variance S:. 
I C losing of Ihe minul e ope nings in a pi anI' s surface Ih rnugh which ga.o;cs are inl crchangcd 
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Since Wasatch Front wi nters are cold and wet and the summers are hot and dry. a two-sea on ve rsion 
of equation 2 can be written as : 
InQ, = P.+ dummy*(p,* lnx,,+ p,* lnx" + ... ) +~, (3) 
where : 
~o = average indoor use (summer or winter): 
dummy = 0 or I seasonal variable (0 = summer; I = winter). 
The logarithmic fonn was used because it has the convenient property that if one assumes constant 
elasticity over the range of interest of the c limatic variables. the regression coefficients are precisely 
the ~ coefficients in equation I . 
Water Use Data 
Water use data is commonly categorized as ei ther time-series (showing water use variations over a 
period of time within a single utility) or cross-sectional (from several util ities during the same 
time period). The impact of climatic variables on water demand is predicted much more re liably by 
time-series analysis rather than cross-sectional analysis. (See Carver. 1978; Danielsen. 1979; Hansen. 
198 1.) Detailed time-series data of adequate length. however. are difficult to obtain. Most uti lities 
maintain only 2 or 3 years of data. Salt Lake City was able to provide 5 years of monthly meter 
readings (June 1986 to December 1990) disaggregated by user type (residential or commercial! 
indust rial customers). These time-series data were regressed against several climatic variables during 
the same period. 
Previous studies in Utah had used seasonal average temperature and total precipitation in such 
regression analyses (Hansen. 1981 and Bishop et al. . 1991 ) as indicated in equation I above . This 
study broadened the variables considered to include number of rainy days (NRD). effecti ve 
preci pitation. and potential evapotranspiration (PEn. 
The most statistically significant parameters for residential water demand were PET and precipitation. 
PET is highly cO rTelated with temperature but also varies with humidity and cloudiness. The best 
parameter for simulating humidi ty and cloudiness would be shortwave radiation reaching the ground 
urface: however. such data are not widely avai lable. A function which includes extraterrestr ial 
radiallon plu o;; diu rna l temperature variation data is becomi ng widely used as a surrogate for ground 
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surface radiation. This study used the Hargreave equation. an example of this approach which appears 
to give good results (American Society of Civil Engineers (ASCE). 1990) : 
where: 
R, 
TD 
T 
PET = .OO23R,(TD) ' (T+17 .8) 
ext raterrestrial radiation; 
difference between maximum and minimum daily temperature, averaged over a 
month; 
average monlhly temperature. 
(4) 
Temperature data are from the Salt Lake City Airpon. Radiation val lies are taken from a table which 
gives radiation above the atmosphere as a function of location and day of the year (ASCE. 1990). 
Because the radiation values are above the atmosphere. the temperature difference parameter is used 
to account for both cloudiness and humidity. 
Residential Demand 
Results of the residential demand regression analysis are given in table I. Appendi x A contains a 
brief discussion of the standard statistical tests given in the table (F-test, d-stat istic. I-stati stic . and R2 
correlation) . Models I. II . and III are all examples of regression results using equation 3. Model II 
(in which resident ial water demand is a function of NRD and PET) h"" the best F-test and the highest 
corre lation (R2) . However. the Durbin-Watson d-stati stic indicates the presence of autocorrelation in 
Table I.-Regression coefficients and associated statistics for residential waler use: 
Salt Lake City (1986-90) 
Model Constant T PET R NRD F R' 
5.789 0.339 -0.067 102.58 1.753 0.79 
'(99.3) (12.48) (- 1.92) 
II 5.8 19 0.772 -. 121 136.15 1.22 0 .84 
(12.86) (-2.37) 
III 5.80 1 0.633 -0.069 134.12 1.457 0.84 
( 114.53) (14.38) (-2.22) 
I Numbers in p:ucnlhesis are I-statistics. 
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the residual term of the model. Therefore, Model III (using PET and precipitation), which has an 
equally high R' and only a slightly lower F-test, was selected for use in the subsequent analys is. The 
regression data consisted of 55 monthly observat. I I~ . Wh ll,.l1 >!It! included in Appendix B. 
The antilog of the constant term (ess = 330) in Model 111 was assumed to represent indoor water usc. 
This assumption can be checked by comparing It to measured water use in areas with separate outdoor 
(dual) systems. The average of several such systems in Davis County was 320.2, which matches the 
assumption very well. Since the regression coefficients are the ~ coefficients in the modified 
equation I. the final model is: 
(Q-Q')/Q' = -.069(R-R')/R' + .633(PET-PET)IPET (5) 
Commercial-Industrial Demand 
Because the water demand of many of the commercial-industrial water users also varies seasonall y 
(see figure 2), a si milar analysis was done for these customers in Salt Lake City . Statistical results 
of the three models considered (a lso based on equation 3) are shown in table 2. 
While all three models have relatively good correlation (R'), Model III is rejected because of the low 
value of the t-statistic ( 1.03<1.645), Model [meets the d-statistic criteria (d>1.45), but Model" does 
not. Therefore, Model [ was selected after also verifying graphically that the residuals were 
distributed N(O,S'). Model [ implies that only temperature (n is needed to best explain the variance 
in commercial-industrial water demand. The resulting equation is: 
(Q-Q')/Q = .287(T-T)iT (6) 
This equation is based upon the mix of commercial and industrial customers in Salt Lake City and 
would change as the mix of customers changes. It would be desirable to do similar analyses for each 
of several types of industries: however. because of privacy considerations. it is extremely difficult to 
get data for indiv idual industrial users. Most water utililies will only release data which is aggregated 
across industry types. 
9 
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Figure 2.-Average monthly nonresidential water use ( 1986·90). 
Table 2.-Regress ion coefficients and associated statistics for industrial·commercial waler use: 
Salt Lake City (1986-90) 
Model Constant T PET R R' 
7.821 0.287 240.8 1.78 0.82 
(183.4) (15.5) 
II 7.839 0.529 281.3 1.31 0.84 
(20 1.9) ( 16.77) 
III 7.839 0.5 17 -.024 141.3 1.45 0.84 
(202.1) ( 15.32) (-1.03) 
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ANNUAL TO MONTHLY DISAGGREGATION MODELS 
As noted abovc. an important task of the GCCRP investigation was to develop a disaggregation 
model'--<lne which would give WFWDSM the capability to examine monthly variability. Important 
characteri stics of such disaggregation models include preserving the mean of each month. reproduc ing 
the correlation property among monthly va lues in different years. and maintaining a sum of monthl y 
values equal to the annual total for each year. 
The disaggregation methodology used in this study (after Stedinger. Pei. and Cohn . 1985) is: 
where : 
C- l 
X c = A c*Z + B c-Xcst + Cc - E Xu + Hc· ~ c 
u 'l 
month or season index: 
Z annual series: 
x 
~ 
H 
monthly or season series; 
random series assumed to be N(O.I) ; 
(I -R' ) ' ·SD; 
SD = standard deviation; 
R = corre lation coefficient between the monthl y and annual se ries. 
(7) 
Temperature and precipitation data were from the Salt Lake City Airport for the years 1949 to 1990 
(shown in Appendix C). The first 30 years were used to deri ve the model . and the final 10 years were 
used for validation. Calculation of PET required both minimum and maxi mum temperatures and thei r 
difference; the refore. thc disaggregation models included monthly maximum temperature. monthly 
minimum temperature. and total precipitation. Results. including observed. predicted medias. and the 
95.percent confidence intervals are shown for each of the parameters in figures 3. 4. and 5. All three 
models sat isfy the stated requirements of a disaggregation mode l. The disaggregation model 
coefficie nts are also given in Appendix C. 
J ~ Di s3ggregation" IS used in this section to indicate a functional relationship between annual and monthly parameter 
quantities 
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PARAMETRIC VERSUS NONPARAMETRIC 
PROBABILITY DISTRIBUTION ANALYSIS 
This section examines whether the assumption that the climatic parameters (temperature and 
precipilat ion) are nonnally distributed is justified. It was noted that the histogram for precipitat ion 
showed a multi modal distribution which appears to be far from nonnal- particularly if a nonparamet ric 
distribution is used . (See fi gure 6.) The mathematics of the nonparametric kernel and band width 
selection are given in Wang (1992), following the method suggested by Lall and Rajagopalan (1991 ), 
and will not be repeated here. The nonpdrametric probabi lity density functions for minimum and 
max imum temperalUres and for annual rainfall are given in figures 6a, 6b, and 6c. These frequency 
distribut ions do not appear to be normally distributed . However, when the cumulative density form 
of these functions are compared with normal cumulative density funct ions in fi gures 7a, 7b. and 7c 
only very small differences occur. 
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Analysis of table 3 (which shows the same comparison in tabular form) also indicates that the 
differences are insignificant whether nonnal or nonparametric distributions are used. Also. in regard 
to rainfall. one shou ld use only summer data because water demand is independent of rainfall during 
the nongrowing season. A nonparametric distribution of summer rainfall (figure 8) is much closer to 
nonnal distribution than was annual precipitation. 
Table 3.-Comparison of nonnal and non parametric cumulative 
density function s of annual maximum and minimum temperatures and precipitation 
Maximum Minimum 
Probability temperature temperature Precipitation 
0.01 ~6O.70 (60.42) ~36. 1 9 (35.73) ~S.6S (6.SS) 
0.05 ~61.63 (6I.2S) ~37. 25 (37.17) ~.46 (9.37) 
0.1 ~62. 13 (6I.S0) ~37.S2 (37.69) ~10.S4 (10.S7) 
0.2 ~62. 73 (62.52) ~3S.51 (3S.39) ~1 2. 51 ( 12.30) 
0.3 ~63 . 16 (63.12) ~39.0 (3S.95) ~13.72 (13.2 1) 
0.4 ~63 . 54 (63.62) ~39.42 (39.40) ~14.75 ( 14.4S) 
0.5 ~63 . SS (64.0S) ~39. S2 (39.84) ~15 . 71 ( 16.03) 
0.6 ~64 .23 (64.42) ~40.21 (40.2S) ~16.67 ( 17.05) 
0.7 ~64 .6O (64 .76) ~40.63 (40.72) ~J7 . 70 ( 17.S2) 
O.S ~65 .04 (65.04) ~41.13 (41.14) ~I S.9 1 (1S.70) 
0.9 ~65.53 (65 .51 ) ~41.S2 (4I.S0) ~20.5S (20.63) 
0.95 ~66. 13 (65.SS) ~42 . 3S (42.56) ~1.96 (22.21) 
0.99 ~67.06 (67.26) ~4J .45 (43.5S) ~4.55 (24.65) 
I Values In parentheses are eSlimaled nonparametrically. 
MODEL RESULTS WITH GLOBAL WARMING SCENARIOS 
The climate response function s equations 5 (residential ) and 6 (commercial-industrial) combined \\ ilh 
equation 7 (the monthl y disaggregation mode l) provide the tools needed to simulate changes in water 
demand as functions of changes in climate . In this section. var ious global warming scenarios which 
have been used in other literature (Nemec and Schaake. 1982 ; and Gleick, 1987) will be applied to 
the Wasatch Front envi ronment. Such scenarios are commonly based upon assumed increases 
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Figure 8.-Probability density function of summer rainfall . 
in temperature and assumed increases or decreases in precipitation. Notation for the scenarios will 
be T#P# where T and P are temperature and precipitation and the #'s are change' in degrees 
Fahrenhei t for temperature or percenl change in annual precipitation. For example. T 8P- IO means an 
8 degree Fahre nhei t (F) increase in annual average temperature and a 10 percent decrease in 
jlrec ipitation re lati ve to the annual mean. Changes in monthly values. however. will not be the same 
becau~e the disaggregation models are applied ~e fvre making the analysis. For example. the winter 
temperature increases are higher th~n in summer. This agrees with the conclusion of Golitsyn (1990). 
A o;ummary of the procedu re used to make these calculations follows: 
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Execute the WFWDSM for the base case year (selected future calendar year wi th 
stationary c limate) to get monthly projected water demand for April through October and 
total demand for nonirrigation months for both residcnlial and industrial -commerc ial waler 
demands. 
Se lec t a climate change scenario (T#P#). This defines the annual average change from 
median (50- percent probabi lity) values for annual average temperature and precipitation 
parameter. to use in the disaggregation model. 
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Apply the di saggregation model to the type of year de fin ed by the ' c<nario. This 
produces expected values of monthly maxi mum and minimum average temperatures and 
precipitation. 
Appl y equation 4 to calculate potential evapotntn~ pi ration estimates for eac h month of the 
scenario type of year. 
Apply equations 5 anrt 6 to the climatic parameters. using the base case water demand as 
Q in the~e equations. This produces revised values of irrigation season month ly projected 
water demand for thl! selected scenario. 
RESIDENTIAL WATER USE CHANG ES 
Residential demand is estimated here as a function of PET (which is a function of temperature) and 
rainfall . The increase in annual average temperature was assumed to apply equally to both minimum 
and maximum annual temperatures. The range of variation in total su mmer residential water demand 
is from a decrease about I percent for the TOPI5 climate to an increase of 6.2 percent for the 
T8P-IO climate (tab le 4). 
Table 4 .-Estimated summer season changes in Salt Lake City 
residential water demand for each climate change scenario 
Scenario P- IO PO P5 PIO PI5 
TO '82303 8 1767 81509 81246 80981 
:10.66) (0.00) (-0.32) (-0.64) (-0.96) 
n 8~641 8~105 83847 83584 833 18 
13.5 1 ) (2 .86) (2.54) (2.22) (1.90 
T6 85766 8523 1 84972 84709 84444 
r ~ . 89) (4.24) (3.92) (3.60) (3 .27) 
T8 86857 86321 86063 85800 85534 
r6.23) (5.57) (5.25) (4.93) (4.61 
~ole I Waler demand in acre-feel 
: :"'umber~ in paren theses arc changes in pcrcenlages in Ihe scenario relati ve (0 average projected demand 
In )car 2025 ~ lihoul cllmale change. 
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The monthly residential demand si mu lation (table 5) resuhs show a much larger variation. as high as 
16 percent in June. for Ihe TSP-IO scenario. There appears 10 be no signiflcanl lengthening of the 
growing season for scenarios in which precipitation does not decrease . April water demand. for 
example. does not change for any of the T#PO scenarios. as shown in fi gure 9. The reason is thai 
April is a relalively cold and weI month . Even if Apri l temperature is increased by 8 degrees. Ihere 
is no reason to irrigate landscaping so long as precipitation is adequate for the increased PET. 
However. small increases in April water demand c&n be exp.::ctC'd if precipitation decreases (see the 
T#P- IO April results in lable 5). 
Table 5.-Percent changes of monlhly Sail Lake City resident ia l 
water demand for each climate change scenario 
Scenario April May June July August September October 
TOPO 0.00 0 .00 0 .00 0.00 0.00 0.00 0.00 
TOP5 -0.44 -0.70 -0.27 -0.11 -0.37 -0.63 -0.37 
TOPIO -0.89 - 1.39 -0.56 -0.21 -0.75 -1.24 -0.80 
TOPI5 -1.35 -2.09 -0.83 -0.32 -1.1 3 - 1.85 -1.28 
TOP-10 0.90 1.38 0 .55 0.22 0.75 1.23 1.04 
T2PO 0.82 3.04 3.75 0.77 1.26 1.56 0.82 
T4PO 1.13 6. 13 7.55 1.54 2.53 3_11 1.60 
T4P5 0.69 5.44 7.28 1.44 2. 15 2.50 1.25 
T4PIO 0.23 4.73 7.00 1.33 1.78 1.88 0.80 
T4P15 -0.22 4.04 6.72 1.22 1.40 1.26 0.32 
T4P- IO 2.04 7.52 8.10 1.76 3.28 4.35 2.64 
T6PO 0 .89 9.26 11.42 2.3 1 3.80 4.64 2.40 
T6P5 0.43 8.56 11.15 2.21 3.42 4.03 2.03 
T6PIO -0.0 1 7.87 10.88 2.10 3.05 3.42 1.58 
T6PI5 -0.46 7. 17 10.60 1.99 2.67 2.79 1.10 
T6P- IO 1.78 10.65 11.98 2.52 4.55 5.88 3.42 
T8PO 0.00 12.44 15.36 3.07 5.07 6.16 3. 17 
nps -0.4~ 11.74 15.09 2.96 4.70 5 . 5~ 2.80 
T8PIO -0.90 11.05 14.82 2.86 4.32 4.92 2.37 
TXP I5 -1.35 10.35 14.53 2.76 3.95 4.3 1 1.89 
np- Io 0.90 13.82 15.92 3.29 5.82 7.39 4. 19 
NOle: Nonirrigalion season (November-March) remains unchanged. 
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Figure 9.-Monthly residential water demand of Salt Lake City under various 
temperature increases and ave rage precipitation conditions. 
Another inte resting result is that although July is historically the month with highest water demand 
for te mperature increases of 4 degrees or more, the model predicts that June can be expected to 
become the peak demand month . An explanation of this apparent anomaly follows : 
PET is calculated as a function of the difference between min imum and maximum 
temperatures (as well as their average) and of extraterrestrial radiation R.. Because R. does 
not vary wi th cloudiness or humidity, the diurna l temperature diffe rence was used to account 
for variance in these parameters. For example. if a month is unusually c loudy then the 
maxi mum temperatu re may be much lower than average (less shortwave radiation reaches the 
, urface). However. the minimum te mperature may be highe r than nO!1Tlal because longwave 
rad iation at night is refl ected back to the surface by clouds. This temperature differential. 
along with temperature variances in June which are muc h larger than in July, cause the June 
estimate of water demand to be larger than in July. for some simu lated future years. This 
result reinfo rces the importance of us ing PET rather than merely te mpe rature fo r res idential 
demand project ions. 
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COMMERCIAL-INDUSTRIAL WATER USE CHANGES 
The results for nonresidential seasonal demand indicate that an increase of 4 or 8 degrees Fahrenheit 
should cause an average increase in summer demand of 2.2 or 4.5 percent. respecti vely (precipitation 
c hange ha~ no e ffec t in thi s model) . The monthly distribution of impacts on nonresidentia l demand 
arc shown in table 6. The maximum monthly increase is t 3 percent - only slightly lower than the 
16 percent for residential demand. but the largest commercial-industrial percentage increase occurs in 
the low demand month of April. A large increase in that month should not present any difficulty to 
system operators concerned with meet ing peak period demands. 
Scen ... rio 
n po 
TSPO 
April 
6.6 
l3.t 
Table 6.-Percent changes of monthly nonresident ial 
water demand under two climate change scenarios 
May 
3.7 
H 
June 
4.3 
8.7 
July 
1.6 
3.2 
August September 
2. 1 3.5 
4 .2 7.0 
October 
2.3 
~. 7 
Significant increases. however. also occur in June (but not July) for both the res idential and 
commercial- industrial sectors. The very different earl y summer impacts of global warming on 
res identia l compared to industrial-commercial demand emphas izes the different nature of these uses. 
C limate-dri ven demand in the residential sector derives a lmost entirely from landscaping. bu t 
comme rcial-industrial demar.-:J is based more upon process cooling and construction re lated demands 
which arc shut down duri ng the winte r. 
EXTENSION OF RESULTS TO FOUR-COUNTY AREA 
Results repon ed pre viously were based upon the Salt Lake City time-series data . Si nce the c1im.nic 
data for Davis and \Veber Count ies to the nonh and Utah COU nly to the south are very s imilar to th:.H 
of Salt Lake County. a similar response to changes in c1 imlJte should be expected in all four countie ~ . 
As a result of the Weber Basin Projec t. the re are many dual system~l in Davis and \Vebcr Count ies. 
The Ire~Hed municipal ~y~te m "i the refo re experience muc h lower water demand in the dua l system lJreas 
than In portions of the cities without dua l systems. Also. the total (treated plus unt reated) wa tcr use 
, Dual .. ystc ms arc pressurilcd ..... ali: r sySlcms whi ch dclivcr unll1 tcred surfacc waler 10 residentl:11 lot .. 10 Irng:lIc 
l andscapjn~ 
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per famil y in dual "Y'ilcm areas is considerably hi gher than in Salt Lake or Utah Counties because the 
dual sysIl!m .. are never metered resulting in no incentive to conserve the untreated w;:lter. The 
evaporation inc rease related to globa l warming should be similar in all four counties; howcver. the 
re lated increase in watcr use wi ll occur almost entirely in the dua l systems areas. The increase may 
be less than in metered systems because the overuse of water in dual areas will like ly result in a less 
direct response to cvapotranspiration change. The possibly reduced impact of climatic variations cou ld 
not be verified during this scudy because of thc lack of metered dual systems. The refore . no 
di stinction is made in regard to climate change response between dual and nondual area wate r usc in 
the estimates which fo llow. 
Another potent ia l source of error in the extension of Salt Lake City results to surrounding areas is the 
degree to which the mix of types of industrial water users vary from those in Salt Lake City . 
WFWDSM calculates industrial water use by applying a different wate r demand function to each of 
several types of industry by mUltiplying a regress ion coefficient by a parameter such as number of 
employees in each group of standard industria l codes. Therefore. industrial water demand based upon 
average climate conditions is modeled using cross-sectional data from each of the 65 individual wate r 
utilities within the four urban counties of interest here . 
However. time-series data of sufficient length to model the climatic effec t upon water use was not 
avai lable for these other utilities as it was for Salt Lake City. There fore. the cl imate change effects 
shown in table 7 are based upon the assumpt ion that the mix of industries in Salt Lake City is an 
Table 7.- Summary of increased demand (in acre· feet) 
in the year 2025 for the four·county area of the Wasatch Front 
(·10 percent precipitation dec rease and 4 or 8 degrees Fahrenhei t temperature increase) 
Temperature Resident ial Nonresident ial Total Percent 
County change (CF)' increase increase increase increase 
6.250 1.682 7.932 Sah Lake 2.9 
1.685 342 2.027 Oa\ is/Weber 2.7 
Utah 
TOTal 
Sail Lake 
OavislWeber 
Utah 
Total 
t Degree ~ Fahrenheil. 
2.409 
10.344 
11 .094 
2.99 1 
4.276 
18.36 1 
706 
2.730 
3.442 
700 
1..145 
5.587 
3. 11 5 
13.074 
14.536 
3.69 1 
5.72 1 
23.948 
2.8 
2.8 
5.3 
5.0 
4.7 
5.2 
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adequate sample of the mix in each of the four counties. Privacy considerations made it impossible 
to obtain historic water use data from individual industries which would be necessary to test the 
validity of this assumption. 
CONCLUSIONS 
Relative ly high correlation was obtained between the climatic paramete rs and both residential and 
commercial-industri al water use by using 5 years of monthly time-series data. Some confidence 
therefore appears justified in regard to the mode l' s ability to predict future changes in water demand. 
whether they result from global wanning or from expected variability within a stationary climate. 
The annual to monlhly disaggregation model developed for this study appears to simulate historic 
temperature and prec ipitation data adequately. The temperature data, which is by far the most 
important in regard to impact upon water demand, was reproduced very well by the model. 
The frequency distribution of annual precipitation is bimodal and is far from nonnally distributed. 
The summer distribution is, however, much closer to nonnally distributed. Comparison of summer 
nonnal with nonparametric distributions of both precipitalion and temperatures indicate that cumulati ve 
distributions are very close to nonnal in terms of both the average and critical probability levels which 
are of interest in long-term planning. 
If global wanning of 4 to 8 degrees Fahrenheit occurs during future decades, the demand for 
municipal water supply in the four-county area of the Wasatch Front can be expected to increase by 
about 13,000 to 24,000 ac re-feet during an average summer season. This is s lightly over 5 percent 
of total demand for treated water. The largest impact (5.3 percent) will be in Salt Lake County, and 
the smallest impact (4 .7 percent) will be in Utah County because the industrial demand there is lower 
than the res idential demand. However, because of the large number of dual systems in Davis and 
Weber Counties and the inability of the climate response model to distinguish between dua l and 
nondual areas, the 5 percent increase shown in table 7 may be too high. 
Monthly increases of 8 and 16 percent can be ex pected in June for residential demand with increased 
temperatu res of 4 or 8 degrees respecti ve ly. Peak increases for commerc ial-industrial demand are 
estimated as 13 and 6 perce nt in April (for 4 and 8 degrees. respective ly). However. since historic 
water demands in April are essentia lly limited to indoor use. the volume of increase in Apri l should 
be very minor. Therefore. no significant increase in length of the irrigation season is expected in the 
urban environment. 
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However. the relatively high increases during June. followed by minor increases during the already 
peak demand mOnlh, of July and August. will pose a double problem to utility managers higher 
demands during a longer peak period. This has implications for both reservoir storage required to 
meet three-month rather than two-month peak period releases and pump and pipe capacities which 
must meet larger instantaneous peak flows. 
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APPENDIX A 
3) 
STANDARD STATISTICAL TESTS 
In the discussion of regression analysis. several standard statistical tests were used to select the best 
c limatic model : 
The coefficient of determination. R!- the proponion of variation in the dependent 
variable "explained" by variation in the independent variables. 
The F-statistic- the rmio of the explained variation in the dependent variable compared 
to the unexplained variation. Varialion is measured as the sum of squared deviations 
of the dependent variable about its mean. 
The Durbin-Watson stat istic d- a test for absence of autoregression in the residual 
error of a model. 
The t-tesl- used to test if (he estimated coefficient is significantly different from zero. 
Normal probability plots of model residuals- examined to test the assumption of zero 
mean nonnal distribution residuals N(O,S'). 
A- I 
CLIMATIC DATA- SALT LAKE CITY AIRPORT 
Data of maximum temperature used in monthly disaggregation mode l and distribution fitting. 
Year Ja n Feb Mar Apr May June July Aug Sep. Oc. Nov Dec 
1949 22 33 52 67 72 81 92 9 1 82 59 57 38 
1950 36 46 52 6 1 67 82 89 90 76 72 52 40 
195 1 38 46 49 62 7 1 78 9 1 86 80 62 47 34 
1952 35 38 4 1 63 73 8 1 89 90 83 73 45 40 
1953 48 47 55 57 65 8 1 93 90 84 67 56 38 
1954 43 45 48 66 76 79 94 89 80 67 57 39 
1955 31 34 47 59 7 1 80 9 1 9 1 80 67 47 44 
1956 45 36 55 63 74 86 93 89 85 66 46 40 
1957 35 50 54 60 69 8 1 92 90 8 1 65 44 43 
1958 39 51 49 59 8 1 86 9 1 93 8 1 72 50 46 
1959 43 45 53 65 68 87 93 89 74 65 53 40 
1960 33 37 54 64 74 88 98 9 1 84 65 50 39 
1961 42 48 54 63 77 92 96 92 74 63 45 36 
1962 29 39 46 67 7 1 84 92 90 83 69 54 37 
1963 30 50 51 55 76 77 94 92 83 71 49 32 
APPENDIXB 1964 32 36 42 57 69 76 95 88 79 70 48 4 1 1965 38 44 49 63 68 80 90 85 7 1 7 1 57 38 
1966 40 40 56 64 79 85 96 92 82 65 54 36 
1967 37 48 56 58 70 78 95 96 82 68 56 34 
1968 36 48 57 56 7 1 82 94 92 77 65 48 36 
1969 40 38 49 63 79 78 92 93 85 59 50 39 
1970 43 51 5 1 56 72 82 9 1 92 73 59 51 38 
1971 4 1 44 5 1 62 70 83 93 91 74 58 47 35 
1972 39 48 60 60 76 85 93 91 77 63 47 32 
1973 45 56 63 77 75 85 92 91 74 67 50 41 
1974 46 58 69 80 73 89 93 90 82 67 59 39 
1975 36 43 49 53 66 78 93 88 81 66 47 4 1 
1976 36 44 49 6 1 75 82 94 87 8 1 65 55 42 
1977 36 47 48 67 66 88 92 88 80 69 53 46 
1978 42 48 58 6 1 69 84 95 89 78 7 1 50 35 
1979 30 4 1 53 63 74 86 94 90 88 71 46 43 
1980 41 46 5 1 65 68 82 92 88 80 65 52 40 
1981 36 49 54 65 68 83 93 92 82 60 54 45 
1982 38 43 52 58 69 82 88 91 75 59 48 38 
1983 43 48 53 55 67 80 90 90 80 67 52 38 
1984 30 34 49 58 73 80 92 89 79 59 52 38 
1985 32 34 50 68 76 86 94 9 1 74 64 46 33 
1986 37 49 58 59 69 87 87 9 1 7 1 63 5 1 37 
1987 36 45 53 69 75 86 89 89 8 1 69 50 39 
1988 33 45 52 65 73 90 96 9 1 77 74 49 36 
1989 32 35 56 67 73 83 96 89 8 1 66 5 1 39 
1990 43 42 56 67 71 86 93 90 85 67 5 1 31 
3] 3 )1 B- 1 
Data of minimum temperature used in monthly disaggregation model and distribution fining. 
Year Jan 
1949 1 
1950 17 
1951 2 1 
1952 19 
1953 31 
1954 25 
1955 11 
1956 26 
1957 16 
1958 22 
1959 25 
1960 18 
1961 15 
1962 12 
1963 8 
1964 12 
1965 24 
1966 2 1 
1967 21 
1968 14 
1969 24 
1970 27 
1971 24 
1972 2 1 
1973 10 
1974 18 
1975 19 
1976 20 
1977 18 
1978 30 
1979 14 
1980 26 
1981 28 
1982 22 
1983 27 
1984 18 
1985 16 
1986 2 1 
1987 17 
1988 17 
19R9 12 
1990 24 
8-2 
Feb 
13 
26 
26 
19 
27 
28 
14 
17 
30 
32 
2H 
20 
28 
24 
27 
16 
22 
19 
27 
28 
19 
30 
26 
27 
24 
22 
28 
24 
24 
32 
24 
26 
28 
22 
3 1 
17 
17 
34 
27 
24 
16 
24 
Mar Apr 
33 
30 
25 
26 
32 
29 
27 
30 
32 
29 
30 
31 
32 
24 
28 
22 
24 
28 
33 
32 
28 
30 
29 
34 
33 
35 
33 
27 
28 
38 
33 
32 
34 
34 
36 
3 1 
32 
37 
32 
3 1 
35 
34 
40 
36 
38 
4 1 
35 
~ 1 
33 
37 
37 
35 
38 
37 
37 
39 
34 
34 
39 
36 
34 
34 
38 
32 
35 
36 
37 
37 
35 
38 
41 
40 
39 
40 
42 
35 
36 
39 
44 
39 
43 
39 
43 
43 
May June 
48 
4 1 
47 
48 
41 
47 
42 
47 
45 
50 
43 
43 
45 
46 
46 
42 
42 
47 
43 
42 
49 
45 
43 
45 
48 
44 
43 
49 
45 
43 
46 
46 
47 
44 
45 
50 
52 
45 
5 1 
46 
47 
45 
53 
50 
50 
55 
52 
52 
52 
54 
52 
55 
56 
54 
57 
52 
49 
50 
50 
53 
5 1 
53 
52 
53 
52 
58 
55 
58 
52 
53 
58 
54 
54 
53 
56 
54 
55 
55 
59 
60 
57 
61 
55 
58 
July 
62 
60 
60 
61 
64 
63 
60 
60 
62 
58 
6 1 
64 
64 
tiO 
6 1 
60 
60 
64 
62 
62 
61 
62 
60 
61 
62 
65 
65 
63 
63 
61 
63 
63 
64 
62 
63 
65 
67 
6 1 
62 
66 
66 
65 
Aug Sep' 
6 1 
58 
6 1 
63 
62 
58 
62 
57 
63 
62 
59 
57 
63 
56 
64 
56 
56 
57 
6 1 
56 
62 
63 
62 
60 
62 
59 
58 
57 
62 
58 
6 1 
60 
64 
65 
61) 
65 
62 
65 
61 
62 
61 
62 
52 
51 
49 
53 
53 
50 
50 
49 
48 
50 
50 
53 
46 
49 
53 
44 
44 
53 
51 
46 
54 
45 
45 
51 
49 
51 
50 
52 
52 
50 
55 
53 
55 
53 
55 
54 
5 1 
49 
52 
50 
52 
59 
Qc, 
37 
44 
39 
41 
4 1 
38 
39 
38 
40 
39 
38 
38 
37 
41 
44 
36 
38 
35 
37 
38 
36 
35 
37 
44 
4 1 
43 
41 
37 
42 
40 
43 
40 
41 
38 
45 
39 
42 
39 
43 
46 
41 
41 
Nov Dec 
31 
32 
27 
24 
36 
31 
24 
23 
25 
28 
23 
31 
26 
30 
29 
28 
35 
32 
30 
29 
29 
34 
29 
32 
3 1 
33 
28 
28 
32 
32 
27 
30 
35 
28 
34 
34 
29 
31 
32 
33 
30 
3 1 
22 
31 
18 
24 
21 
2 1 
30 
20 
24 
27 
16 
20 
20 
19 
17 
26 
22 
23 
17 
!8 
25 
20 
18 
13 
26 
25 
25 
17 
30 
18 
23 
27 
28 
22 
26 
22 
22 
22 
21 
20 
23 
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APPENDIXC 
3£ 
MONTHLY CLIMATIC DATA STATISTICS AND DISAGGREGATION 
MODEL COEFFICIENTS 
January 
February 
March 
Apri l 
May 
June 
July 
August 
September 
October 
November 
December 
Annual 
Month 
January 
February 
March 
April 
May 
Junc 
July 
August 
Scptcmber 
October 
Novcmber 
Dcccmber 
Table CI. - Mean and standard deviat ion of precipitation. 
maximum tcmperature. and minimum 
Precipitat ion Maximum temperature Minimum temeprature 
Mean 
1.29 
1.23 
1.81 
2.08 
1.73 
0.87 
0.77 
0 .88 
1.09 
1.3 1 
1.29 
1.35 
15.7 1 
SId 
0.4604 
0 .3914 
0.922 1 
1.2943 
1. 1865 
0.6504 
0.456 1 
0.69 12 
1.7987 
0.9614 
0.3683 
0.9757 
14.421 
Mean 
36.9 1 
43.53 
51.41 
61.19 
72.03 
82.69 
92.88 
89.8 1 
79.8 1 
66.31 
50.53 
38.81 
765.91 
SId 
5.49 11 
5. 1242 
4.2870 
3.6495 
4.0837 
3.8558 
1.9960 
2.5957 
4.0356 
4.0675 
3.9430 
3.5690 
15.930 
Mean 
19.06 
24.28 
29.91 
36.97 
45.03 
53.19 
6 1.78 
59.88 
50.03 
39.28 
29.34 
21.97 
470.72 
Table C2.- Estimatcd coeffic icnts for maximum tcmperature 
A, 
0.067327 
0.059141 
0. 108066 
0. 143175 
0. 180572 
0. 155768 
0.04236 
0.096982 
0.262376 
0.371627 
0.5498 1 
1.0 
B, 
0.585438 
0.266264 
0. 100341 
-0. 19612 
-0.07 109 
0.0054 11 
0 .042548 
0.086 154 
0.3 18489 
0. 127173 
-0.0849 
1.1 9E- 16 
31 
c, 
o 
o 
0. 10464 1 
-0.08786 
-0.168 16 
-0.0 1868 
-0.00632 
-0.05524 
-0.26554 
0.067597 
-0.5 138 
-1.0 
H, 
SId 
6.6475 
4.9594 
3.5228 
2.4559 
2.5207 
2.402 1 
1.7177 
2.5495 
2.9674 
2.6 180 
3.337 1 
4.4394 
16.2940 
4.539914 
4.7306 11 
3.509312 
3.077855 
3.51454 1 
3. 11 0049 
1.869585 
2.37797 
3. 164405 
2.625432 
2.696649 
o 
C-I 
Month 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
Mon th 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
C-2 
Table C3.- Estimated coefficients for minimum temperalUre 
A, 
0 . 1495 18 
0. 135124 
0.126843 
0. 122054 
0.057083 
0.089576 
0.03 1806 
0. 13 1957 
0.209447 
0. 192366 
0.370575 
1.00000 
B, 
0.738466 
0.046376 
0.244412 
-0.29 128 
0.327885 
0.1208 15 
0. 144006 
-0.284200 
0.050 162 
0.242656 
-0.107040 
3.23E- 16 
c, 
o 
o 
-0.068 17 
-0.04431 
-0.08629 
-0.03777 
-0.05274 
-0.0987 1 
-0. 164 
-0. 18539 
-0.32304 
-1.0 
Table C4.-Estimated coefficients for precipitation 
A, 
0.032285 
-0.00233 
0.102246 
0.097805 
0. 187 177 
0. 114006 
0.053 128 
0.1892 1 
0.301726 
0.36577 
0.355052 
1.00000 
B, 
0. 155376 
-0.02206 
0.39448 
0.045527 
-0.4 1303 
0.032563 
0.06137 1 
0.0 1824 1 
0.097443 
-0.15732 
-0.10361 
557E-16 
o 
o 
-0.251 
c, 
-0. 14 126 
0.009702 
-0.09776 
-0.05288 
-0.17649 
-0.30399 
-0.41284 
-0.36521 
-1.0 
H, 
4.5734 17 
4.280539 
2.580623 
2.019706 
2.27447 1 
2.070347 
1.50851 1 
2.257913 
2.32067 
2.033654 
2.574133 
o 
H, 
0.44 1738 
0.39 1502 
0.860609 
1.22918 1 
0.95885 1 
0.607643 
0.445573 
0.587118 
1.34768 
0.657525 
0.259335 
o 
